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Section 17 Introduction to Density Concepts

Definition of Density

Soil consists of three components: solid particles, air, and water. In engineering
applications involving soils, air and water are collectively referred to as voidsgilen
amount of soil, the solid particles and the vaadsupy a certain amount of space, or
volume. Therefore, the volume of a soil mass is the sum of the volume of the solids and
the volume of the voids.

The termdensityhas varied meanings in diffant fields of sciences. For our specific

field of study(i.e., the engineering aspect of soils), we will use weight density, which is

defined as weight per unit volume (in English units, weight density can have units of
pounds per cubic foot). For brewithe t er m Adensityo wil/l refer
otherwise specified. Mathematically, the density of soil is obtained as follows:

DenSI'[y = (V\é + Wa+ Ww) / (Vs + Va+ Vw)
where
Ws = weight of solids
W, = weight of air
Wy, = weight of water
Vs = volume of solids
Va = volume of air
Vw = volume of vater

Three Phases of Soil

y y
Va AIR 0
Vv / /
Vv Vi WATER Wi W
y
SOLID W
\

Diagram 1



The weight of air is negligible compared to the weight of water and solids, and for all
practical purposes, can be ignored. The volume it occupies, howevgnifi€ant.
Therefore, for soils engineering purposés, following mathematical definition of
density is acceptable and generally used:

Density = (W + W) / (Vs+ Va+ Vy)

It can be noted that water can be present or absent (a completely dr¥soil).
engineering purposes, a distinction is made betwleetvto values of density with and
without water presentWet densityis the density of the soil mass, including the moisture
(or water) contained in the void spac&ry densityis the density offte s@ mass

without the moisture.

When water is preserhe quantity of water relative to the quantity of solids is defined
mathematically as its moisture content. Moisture content can be expressed as follows:

Moisture content W, / Ws
The dry dasity of a soil mass is what affects its important engiing properties, such as
strength, permeability, and compressibility. From an engineering standpoint, we would
like to increase the strength, and decrease permeability and compressibility of a soil
mass, and these are achieved by increasing dry density.

Definition of Compaction and Optimum Moisture

Compatctioris theprocess by which a soil mass is subjected to compressive forces (in the
form of static weights, vibration, blows from heavy objeotss combination of some or

all of these) for the purpe®f decreasing the volume of voids, thereby increasing the dry
density Decreasing the volume of voids would mean decreasing the volume occupied by
air and water. Water is incompressible, meanigyolume occupied by a given

guantity of water cannotdreduced further. However, air is compressible, and in

applying compactive effort to a soil mass, it is air whose volume is reduced.

It is an established fact that the amount of water in the sabaffects how well the air

in the same soil mass isusgzed out or compressed. Water acts as a lubricant that

allows soil particles to be rearranged during the compaction process. Too little water

means too |ittle Al ulHowewratbomuechwatesifalsohe soi | p
hindrance to squeegrout or compressing the air, because the water will tend to absorb

the energy from the compactive forces. Between having too much and having too little

water, there is a quantity of water that waillow the compactive forces to result in the

maximum posible dry density. This quantity of water is expressed in terms of the

moi sture content and is referred to as the s

For a particular soil, theptimum moistures defnedas themoisture content at which a
soil can be commed to its maximum dry density with a given compactive effort.




Standardized Tests for Determining Maximum Dry Density

In the definition of optimum moisture, it should be noted that the maximumethstyd
obtained is for a specific compactive effortartétardized tests for determining maximum
dry density involves varying the moisture content of a soil mass, subjecting the soil mass
to a specific compactive effort (which remains the same for the aest keeping track of

the resulting values of dry dehs The result is a correlation between moisture content
and dry density, which can be plotted. The maximum dry density can then be obtained.

Examples of standardized tests that will be useddoporposes arBASHTO T 99 and
AASHTO T 180. These tes (with some NCDOT modifications) are used to establish
the maximum dry density of a given soil mass.



Section 21 Density Specifications

Inspection of Earthwork, Subgrade and Bases on a Conetriethject

When inspeting a construction projec technician must understand the plans,
specifications, and any project special provisions. NG®OT Construction Manualan
alsoprovide guidance when inspecting sogtated items on a project, edbnician
should become familiar with Divisions listed tine following table:

Classification Reference Division
Earthwork Division 2
Subgrade and Bases Division 5

Table 1 Related Reference Divisions foNCDOT Construction Manual

The Goalof Field Density Tests

Field density tests aconducted tandicateif the material being compacted has attained

a minimum acceptable value of dry density. This minimum acceptable value is expressed
as a percentage of the maximum dry denstgeternmed by a standardized test in

which the materiais subjected to a predetermined compaction effort. For example, if the
test to determinenaximum dry density is AASTHO 99, the density requirement can be
expressed as follows:

AThe ma tlleerconpatted solatdelast 95% of the maximum dry dgrest
determined by AABTOT99 as modi fied by the Department.

In the above example, the quantity represented by 95% is what is referrquetoeas
compaction Mathematically, percent compactimthe atio of the inplace dry density

of the compaci@soil (gn-place t0 the maximum dry density as determined by standardized
tests ¢may). That s,

Percent compaction g{piacd / (Gnax)

The tests discussed in the sections to follow are@itowads determinin@n-piace Onax
or the ratio itslf directly.



Classification of Materials

The testing frequency and density requirements of soil depend on its classification in
terms of how it is constructed. These classificationsefelene section number from
theNCDOT Standard Speaifitions for Roads and Structuraee listed in the following
table (when inspecting a projetitetechnician should review these sections if soil or
aggregate is being utilized in the constructioncpss):

Classification Reference Section
Embankment Section 235
Subgrade Section 500
Aggregate Stabilized Subgrade Section 510
Chemicallytreated Subgrade Section 501 (lime) Section 542 (cement)
Aggregate Base Course (ABC) Section 520
CemenitreatedBase Cours (CTBC) Section 540

Table 2 Related Reference Section foNCDOT Standard Specifications for Roads and Structures

In general, embankment refers to any layer placed below the subgrade. The subgrade is
usually 8inches hick and reérs to the portion of the roadbed prepargd toundation

for the pavement structure (including the curb and gutter). Base Course refers to a layer
of planned thickness placed immediately below the pavement or surface course.

Testing FrequencReguiremers

The frequency with which a compacted enil is checked for density (that is, percent
compaction) depends on its classification. The Department requires the following testing
frequencies:

f Embankment$ one test every 5,000 y,000 ni) or fractionthereof. Since
problems can develop as embankment is being conatited aéchnician,
should not wait until several layers have been placed to perform a density test.
Thereforethe Department recommends tkettnician should perform a
dersity test orevery other lift of an embankment as ib&ing constructed.
NOTE: If an embankment contains rock tleehnician should attempt to
perform a density test using the methods described in Section 3 of this manual
(Test A, 1, or 2). Howeverf an area annot be tested successfully, a note
ismadeon t he density report (M&T Form 504)
Exempt (do not perform) density tests from rock embankments (constructed
with |l arger rock boul delrisf tosha@abnotwhkiecn pav
be tested by approved methodsa tbck-lift is being placed indicate by
placing a note on the denlsiifttyb.report (M
1 Subgradé one test every 1,000 linear feet for roads up to 28 feet (8.5 meter)
in width; for oads greatethan 28 feet in width, one test every 3,908
(2,500 ).
Chemically Treated Subgradeiithe or Cementj Refer to pagd0
ABC and CTBCi same as subgrade except when there are separate shoulders,
in which case take one test every 2,000 lirieat (600meters).

= =4



Density Requirements

The Departmetrhas the following density requirements for the various materials:

1 Embankment compacted to at least 95% of the maximum drysdyg as
determined by AASHTO B9 as modified by the Department.

1 Subgade- compated to at least 100% of the maximum dry dignas
determined by AASHD T 99 as modified by the Department.

1 Chemically treated subgrade (lime or cemert)mpacted to at least 97% of
the maximum dry desity as determined by AASHTO99 as modied by the
Department.

1 Aggregatestabilized subgradecompacted to at least 100% of the maximum
dry density as determined by AASHTO99 as modified by the Department.

1 Aggregate Base Course (ABE€yompacted to at least 100% of the maximum
dry density asdeterminecoy AASHTO T180 as modified by the Departnten

1 Cementtreated Base Course (CTBEC3ompacted to at least 97% of the
maximum dry dasity as determined by AASHTO T80 as modified by the
Department.

Chemical Stabilization

When designing a roathe Enginer must consider vehicle loads supportedhey t

pavement structure. Obviousthese loads are transferred through the pavement
structure into the supporting soils. Due to the various types of soils in North Carolina,
the Engineer may decidedt it is eonomically necessary to chemically stabilihe

subgrade in order to provide the required strength for supporting the roadway.
Depending on the type of soil, lime or cement is generally added to stabilize a subgrade.

When adding cement ointie, moisturecontrol is critical to ensure proper hydoat.

Without proper hydration the chemically stabilized section may not achieve the required
design strength and possibly lead to structural failure. Materials and Tests and
Geotechnical Engineeridgnits reconmend the following procedures for monitoring
chemically stabilized sections for density acceptance and proper moisture control. The
procedures and equipment required for monitoring soil densities are similar to those for
un-stabilized soils, vih the following additions:

1. The Geotechnical Engineag Unit of the Department can provide assistance in
the stabilization operaticand should be consulted prior to beginning the
operation.

2. A moisturedensity curve must be established at the beginiitige firg day of
operation. The sample for perforrgithe curve must be taketfter the cement or
lime has been mixed in the sbilitbefore water is addedA new moisture
density curve is to be established when a significant change in the soil @ccurs
upon reommendation by the Engineer. The moistimesity curve should be
made available to the Geotechnical Engineer in the field to verify if any
adjustment in the moisture content is needed. Once the Contractor is ready for a

10



density test in thetabilized ®ction, perform a Test 1 (long test) in theawhere

the sample was obtained for the moistdeasity curve. As required with all
conventional density testind,out of every 15 tests must be a Test 1 (long test)
with a moisturedensity curve

. Test 1A (short test) will be performed as outlinedthis manual, with the

following addition: a 30@ram inplace moisture content sample must be taken
prior to compaction This moisture sample should represent the moisture content
of the area athe contrator began compacting the soAfter compadton, a Test

1-A will be performed at the approximate location where the moisture sample was
taken. The moisture content will be documented on the density test report for the
Test TA.

. The frequencydr densityacceptance testing will be based on the nurobe
operation(s). An operation is defined as one tanker load. One density test will be
required for each operation for the first
t he dayobs pssesdapetibns buhis lsssithap & operations, one

ders ty test per 2 operations wil/ be requi
surpasses 9 operations, one density test per 3 operations will be required.
For example:

The Contractor begs the firs chemical stabilization operation at 6:30

am. and completes the fourth operation that same day at 1:00 p.m. Each
of the first four operations must have a density acceptance test. The
Contractor continues production that same day and corapptration 5
through 8 by 4:30 p.m. The chemicallgstized area completed between
1:00 and 4:30 p.m. (operation$ B) would require a total of two density
acceptance tests (one test per two operations). The Contractor continues
production that samday and @mpletes operations 9 through 12 by 6:30
p.m. The chemically stabilized area completed between 4:30 and 6:30
p.m. (operations B 12) would require a total of one density acceptance
test (one test per three operations).

11



Section3 71 Overview of the Four Field Tests

9 Density Test 1A

In this test, the compaction of embankments and subgrades consisting
primarily of soil in which the moisture content of the soil is not determined for
each test.

This test i1s al so luseolhtheelatigely shbretiméis hor t t
required performing fils test. This test uses a volumeter with a whiled

balloon to determine both the volume of the soil removed from a roadway test

hole and the volume of the same soil after being compactedandestl

compaction mold. The soil is compacted in theldhat optimum moisture,

and therefore will yield the maximum dry density. Recall that

Percent compaction g{-placd / (Gnax)

I n term of the unit weight fAimoltdibe fMwreol e
have

Percent compaction ©ie) / (Gnold)

Since the soil that was taken out of the hole is the same soil compacted in the
mold, we can express percent compaction in terms of volume as follows:

Percent compaction = id) / (Vhole)

Where Vinoid and Vhole are the volume occupied by the doilthe mold and
hole, respectively. Because no unit weights are calculated, it is not required to
determine the moisture content of the soil.

Test 1A is intended for use on embankments and subditzatese
predominately soil, that is, with little or mock or aggregate. When more

than 1/3 of the soil (by weight) consists of aggregate larger than
approximately ¥ inch in size, performance of the test may be difficult and the
accuracy questionablén this stuation, it will be cessary to use Density
Test2, which is designed for sedlggregate mixtures.

12
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Density Test 1

In this test, the compaction of embankments and subgrades consisting
primarily of soil in which the moisture conterfttbe soil isdetermined for
each test.

Thistestisao known as the fAlong testo b
(that i1is, compared to the Ashort t
This test uses a volumeter with a wdited balloon to detemine the vaime

of soil removed from a roadway test @olThen the weight of the dry soll
removed from the hole is determined by weighing the wet soil and then
determining the misture content. Using thelumeof theholeand the dry

unit weight, then-place dry @nsity @n-place Can be calculated.

A separate soil sample is compacted in a standard mold at the optimum
moisture. The volume occupied by the wet soil in the mold is determined
using the volumeter, and then the moisture content determiriesl

maximum dry density ¢nay) can be calculated. &h, we have

Percent compaction g{-place / (Gnax)

Test 1 is intended for use on embankments and subgrades that are
predominately soil, that is, with little or no rock or aggregate. When more
than 1/3 ofhe soil (by weight) consists of aggregatgér than

approximately ¥ inch in size, performance of the test may be difficult and the
accuracy questionable. In this situation, it will beessary to use Density
Test2, which is designed foiog-aggregatenixtures.

Density Test 2

In this test, lhe compaction of embankments and subgrades consisting of a
soil-aggregate mixture, (i.e. when more than 1/3 of the soil (by weight)
consists of aggregate larger than approximately % inch in sizedesmned
Sal-aggregate mixtures may be soils natyratintaining aggregate or soils
stabilized by mechanically adding and mixing aggregate material.

Test 2 is similar to Test 1 in the sense that percent compaction is calculated as
follows:

Percentompaction Xgn-place / (gnax)

However, the implacedensity of the soibggregate mixture is measured using
a calibrated steel ring instead of a volumeter. The maximum dry density of
soil-aggregate mixures is determined by AASHTO99 Method C or M#hod

D, as mdlified by the Department. Detailed stepsthese procedures are
given in Section 7If asignificantamountof aggregate Iger than 2 inchesi
encountered, the accuracy of Test 2 maguestionable.
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1 Density Test 3

Test 3 is used to tkermine the compaction of Aggregate Base Course (ABC),
that consist of a mixture of coarse and fine aggregate, with very little soil.

Again, as in Test 1 and Test 2, percent compaction is calculated as follows:

Percent compaction Y{-place / (Ona)

The GeoMateriald_aboratory will provic the valuef the dry AASHTO T
180 density (maximum dry density or Unit Weight). ThatWieight of the
ABC can be obtained on the Materials and Tests website or by calling the
GeoMateriald_aboratory (919) 324150. Only the irplace density of the
material will bedetermined in the field, and this is accomplished using a
calibrated steelimg. Details of the procedure for determining thelace
density is given in Section 8 of this manual.

14



Section41 Determination of Optimum Moisture

Standard M@stureDensity Curvei AASHTO T 99

It was previously mentioned that, for a fixed amourerergy applied during the
compaction process, there is a correlation between the maximum density to which a soil
can be ompacted and the moisture content of the soil duringoastion (compaction

water content).

A standard test has been devised wimekes it possible to determine in the laboratory

the moisture content that will give maximum density with a given amoustierfy. In

this test the soil is compacted at a nundfedifferent moisture contents (usually in

increments of two percent), rangifrom dry to wet. The fixed amouot energy

according to AASHTO B9 is applied (25 blows, 1iach vertical drop using 5.51b

hammer), and the dry density and compactionstu content are determined in each

case. The dry densities are plottediagjathe corresponding compaction moisture

contents and amoothcurveis drawn throughout the data points. A minimumaafrf

data points is required for this test. In geneasthe moisture content is increased from

the dry side, this curve rises tareximum density and then declines. The highesitpoi

on the curve indicaneist ydef é Mubxdoraetises DIr yt &st e
referred to as t leesifitSy@.ndaThle APAGIHSItOU rDe cont e
this maximum densityiscatle t he #AOpti mum Moi sture Contento

Equipment Needed

The following equipment is messary for performing AASHTO 99.

3-inch auger

Large Spoon

50-pound weight

Graduated cynhder (with graduations in milliliters)
Soil Pan

Pie plate (90 x 1 1i0)
Scdes(with a 2,008gram weight)

Frying pan

Steel straight edge

Compaction mold (1/30%)

Sample extractor

Compactiorrammer (5 % pounds, dch drop)
Gas burnefwith lighter)

Square shovel

15



Stepby-step Pocedure for Performing AASHTO 99

Level the electronic scale.

2. Verify that the 2,00@ram weight reads as 2,006ams on the scale, with a4+
gram tolerane.

3. Weigh the empty mold and record.

4. Obtain enough soibtfill the soil pan to 2/3 full (when performing this test in
conjunction withTest 1, obtain soil from the test hole).

5. Break up and pulverize the soil.

6. Dry or add water to the soil as necessargt mx for uniform water content. Repeat
step 56 until wakr content is judged to be at an appropriate starting point (about 5%
dry of optimum).

7. Weigh and seaside 4,000 grams from the soil in the soil pan. This is the soil that

will be used for the testDiscard the rest of the soil in the soil pan.

=

Steps 8o 21 will be performed 4 times. Each obtained value of dry density antlneois

content wil/l be plotted,-densgtycure.t i ng i n the ma

8. Place a first layer in the mold.

9. Apply compactive effort (25 blows, Xich drop).

10.Place a secondyer in the mold and apply compactive effort.

11.Place a third layer in the ritband apply compactive effort.

12.Scribe around the top (third) layer and then remove the mold collar.

13.The top of the thirddyer must be % to % inches above the top of the mold.

14. Saape off the excess soil with the straight edge until the surface is fltisiheitop
of the mold. Fill in exposed voids with fine material.

15. Weigh the mold with the soil and record the weight.

16. Extract the soil pill with the sample extractor.

17.Using the sraight edge, split the soil pill down the middle lengthwise.

18. Obtain 300 grans of soil from the scrapings. This is the sample for determining the
soil s moisture content.

19.Dry the soil. When usinglaurner, be sure not to overheat the soil.

20. Weigh the drysoil and record.

21.Add 2% water per weight of the soil remaining in the sail.p
NOTE: I f the test is begun with exactly 4,
300-gram moisture sample is removéte amount of water to be added are as
follows: 1% point i none; 24 pointi 80 ml; 39 pointi 75 ml; 4" pointi 70 ml.
These armunts account for 5 to 10 ml of water lost due to evaporation.

22.Record all data on M&T Form 5Q61d plot the moisturdensiy curve.

Using the ASqueezeo Met hod

The ASquerkzied anefivhort cut o approach for det
of a soilmassand can be performed with reasonable accuracy by an experienced

technician. This method ot applicable to allypesof soilsbut works well when the

soil has a significarftaction of cohesive patrticles (i.e., clay or some silts).

16



Prior to perbrming this test on a soil mass, all lumps or clods should be pulverized or

broken down asecommended by AASHTO Method9B. The soil mass should be

thoroughly mixed until the maisre is uniform. A handful of loose soil is taken in one

hand and firmlysqueezed into an elongated mass. The squeezing should be fairly firm

and yet not wit hnobddbbne ashieggrip). strength (i . e.,
The soil mass is close to or at optimumistare if the following are true:

1) The soil mass exhibits cohesioReleae the soil from the hand after squeezing.
If the soil mass does not break apart, it is an indication that the soil iskaivar a
Aopti mumo. I f t he <asinglthe prassuse apiplied, a ks apar
then a small amount of water should be adatedithoroughly mixed with the soil
until the elongated soil mass will remains intact after release.

2) The soil mass exhibits besion under stressThe elongated mass of soil is teds
3 or 4 inches into the air using the open palm of one hand. Thiseiates two or
three times. If the soil mass does not break apart, it is an indication that the soil is
at or ab o vlethedal mass breaks apart as it is tossed, themal s
amount of water should be added and thoroughly mixed with the $ibilhen
elongated soil mass will remain during tossing.

3)y There i s @cooiWhendhe sodhasgsidwet oprindough to
stick together, note a sensation on younpalf the soil is at optimum, you
should be able to feel a coolness onrypalm as the film of moisture evaporates.

Note that the above observations are true even if the moisture contentaf thass is

above optimum. If it is above optimum, tfalowing additional observation can be

made: A very noticeable film of n&iure will appear on the hand, and part of the soil

grains (excluding clay and silt particles) will adhere to the handhidrcase, the soil is

above optimum moisture, anditnilise dr i ed back sl owly wuntil A
This will be done byiadrying or very low heat (14% maximum).

Using the APenny Printo Method

After determining the optimum moisture as outtirebove, it can be checked by

observing the print and gn of the rammer in the soil while compacting it in the
AASHTO mold. Whe the first layer of soil is placed in the mold and after the 24th blow
of the rammer has been struck, place tHe[6w in the center of the mold. Be sure
before making the 25blow that the face of the rammer is free from clinging soil

particles andheld in as nearly vertical position as possible before being dropped.
Observe the print of the rammer in the compacted lay¢ine soil is at optimum

moisture, a full print of tarammer will be observed and the depth of penetration should
be about 1/& inch in depth (approximately the thickness of a penny). If a full print of the
rammer cannot be observed, #udl is too dy. If the rammer penetration exceeds 1/16
inch, the sd is too moist.

17



NORTH CAROLINA DEPARTMENT OF TRANSPORTATION

DIVISION OF HIGHWAYS

M & T FORM 506

MOISTURE DENSITY DETERMINATION
Pro_]ectG"ZSA_S(’E ........................ Date ... 4 - 3o-o2
County........... Lo R e Mold JSo cd FT
Station...... “"’q‘ N Test.tﬁ“AgHTo T"'qq \
Sample No. CHRVE ﬂ-’ o ‘y‘-’u% 2 .. Submitted By @ o> ("234'$
Test Wet Wi, Wet Wt. Wi Wet W1, Dry Moisture Dry Wt.
Number (Grams) ) (Lbs. /Cu. F1.) Sample Sampie {%) {Lbs./Cu. F1.)
[ 12 12,9 300 274 9.5 lo.3
2 |e2® 124-,9 300 269 11.5 lz,o
2 1950 129, o FoO2N 264 13.6L 113.0
4- 19673 129, 300 259 15.9 112/
SPY. MoisT.| 13.67
M DENS. | |1 B.6 pet
- y.
- V.
:; Yy
és [ ¥
z
%
=]
w -
2 Tt
=)
I
n
<
<
o
2
9 1] 3 15
. MOISTURE (%)
366© 3729 379 | 3004
= 194 -le<| -\o4 | - 1e4 |
V12277 129 1950 1963

Figure 1 Example of Moisture-Density Curve AASHTO T-99 (English units)
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NORTH CAROLINA DEPARTMENT OF TRANSPORTATION ‘ M & T FORM 506m
DIVISION OF HIGHWAYS o s
MOISTURE DENSITY DETERMINATION
Project ..... 6’12 . 34 S ("7 .................................. Date ...... 4"30 —oz, ..........................................................
County ... B E e Mold . 2. 229 4'4’"‘3 ................................................
Station ........ 3"’2 51 ........................................... Tesc . AAASHTS T
Sample No. GURVE&ZVysUBL'zv ..... Submitted By Y=, Sroar> ,
Test ‘ Wet Wt. Wet Density Wt. Wet Wt. Dry Moisture Dry Density
Number | (Grams) (kg/m?) Sample Sample (%) (kg/m?)
| | 1.e27 1935.2 3o 274~ 9.5 1767,
2 | 1oo® 2000 M = %69 1.5 | \"194.2
3 [ l.ase 2866.6 | 3o 264 13.6. 1219, 9
4 | 1,963 | zo7a.4 | 300 259 | I5.@ 17795,9
: . TPT Motsr. | 3.7
| Max meNS. | 1820.0 Ky
i i
LR
.4 \
’J
2 43
5 anm
2 -+ /
{C’ t 5=
< ] 7
a f
Y 4
H-A
- ]
T i
!
b I
q _ ] 13 ts
. Moisturcﬁ)
B 3729 3791 @ 3%°e
~V24) -4 -1e4| - 14
oz o2 ® 1aso 3

Figure 2 Example of Moisture-Density Curve AASHTO T-99'(metric units)
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Section571 Density Test TA

Alsorder r ed t o as t hAdodssdtrequite weighiagtaod,drgisteps,t 1
thereby reducing the possibility of error.

Equipment Needed

The following equipment is necessary for performingensity Test 4A.

*Volumeter

3-inch auger

Large spon

50-pound weight

50-pound saddle weight for volumeter

Soil pan

SteelStraight edge

Small Spatula

Compaction mold (1/30 cubic foot)

Sample extractor

Compaction rammer (5 %2 pounds;ib2h diop)
Square tip shovel

Water Container (i.e. small squbottle or graduated cylinder)
Water

*Base of Volunetermustfit into collar of ¥30 cubicfoot mold. If it does not, the bottom needs to be
turned down 1/32 of an inch.

Determining the liplace Volume

All loose soil is removed from the surfacetbk layer and an area of aboutihbhes
square is brought to a smooth flat and approximately level surface by scraping with the
steel straight edge, shovel or other suitable instrument.

The volumeteis place on the smoothed surface of the soil angatsition carefully

marked by tracing the outside edge of its base. Thmb&8d saddle weight is placed on
top of the volumeter. Pressure epdi is applied to the volumeter, a readistaken and
recordedthis is the actual reading on the volumetaies before the soil is removed from
the hole). The volumeter is removed and a hole about four inches in diameter and six
inches deep is made in the middle of the circle inscribing the volumeter Dagesdi

taken from the hole is placed in a pan ferf placement in the compaction mold. It is,

of course, important thail of the soil removed from the hole be placed in the Jdre
volumeter is then placealer the hole at the exdocation where thenitial reading was
taken. The saddle, §8burd weight and 4psi air pressure are applied in the same
manner as for the initial reading to determine a second reading. The difference between
the two readings is the volume of the hole in cubit f@diss a |l s eplateh e i n
vol umed of nordeetoabtaimipeldesired acturacy, the volume of the test
hole must be between 0.032é&nd 0.0350 cubic feet.
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Determining the fiCompacted Vol umeo

An initial volume reading of the empty compactioold with collar attached is

determined by averagingree readings of the volumeter using the procedures mentioned
earlier. This initial volume reading will remain the same as long as the same volumeter
and mold are used and the water level in themehlgr renains the same. If any of these
are changed, @ew initial volume reading must be taken.

The soil taken earlier from the roadway test
volumeo of the soil in the c apmpteettenton mol d.
that the largest clod (not aggregagiepuld not exceed #ch in size as determined by

visual inspection. Any aggregate present in the sample shall be mixed uniformly with the

soil and not thrown out. The optimum moisture of the sdihén stimated using the
Asqueezeo t ealbppdarg toewet, it mudt betdiied to approximately

optimum moisture. If too dry, water must be mixed with it uniformly until approximate

optimum moisture is reached. (See Sectieiéterminaion of Optimum Moisture).

The prepared soil is dividegdto approximately three equal parts and compacted in the

mold. The compaction is done with thébpound rammer. Twentfwe (25) drops of

the rammer from a ihch height are applied to each oétthreeequallayers. The mold

shall be placed on thé@%ound weight or on pavement or similar rigid base while

compacting. Aftethethree layers o$oil have been compacted, a second volumeter

reading is taken of the compaction mold with the colliflr attached. The difference

between this reading ankktreading of the empty mold and collar taken earlier is the
Acompacted volumeo of the soil in cubic feet
calculated by this formula:

Percent Compaction EompatedVolume x 100
In-place Volume

Or,asedi er expressed in terms of the Ahol ed anc
Percent compaction = ©id) / (Vhole)

Stepby-step Procedure for Performing Tesf\1

NOTE: All volumeter readings requirepti water presse; use M&T Form 504 to
record your results.

Take emptymold and collar reading, applyingpsi to the volumeter water balloon.
Prepare a test site by smoothing the sur(emmove soil tagget below sheepsfoot
indentionsor crust ifsurface has dried out)

N =

3. Level the plate on the test site.

4. Scribe around the gds of the plate, marking thehmeter valve location.

5. Take the first (or Aflato) reading.

6. Dig the test hole, starting off with a spoon and continuing with an auger. Soil should
be collected on thsoil pan

7. When hole is finished, remove loose soil pagscfrom the hole and the plaed

include them with the soil collected in step 6.
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8. Check for sharp edges in the hole. If there are sharp edges, move to another location
and repeat steps8

9. Take asecond reading with the volumeter, positioning the vatwbe marked
location. The dference is the volume of the hole occupied by the removed soil.

10.If the difference between the second and the first reading is such that the volume of
the hole is lesthan 0.03200 # the hole is too small. Remove addiabsoil and
repeat steps-&0.

11.1f the difference between the second and the first reading is such that the volume of
the hole is greater than 0.0350%) the hole is too large. Move to a differémtation
and start over.

12.Clean off excess soil from tlaeger and spooand include tam with the soil in the
soil pan.

13. Mix the soil until it has uniform water content.

14Check for optimum moisture using the fAsque

15.Dry or add water to the soil agcessarand mix for uniform water content. Repeat
step 14-15 until optimum waterantent is obtained.

16.Move the soil to one side of the pan and divide into three equal layers.

17.Place the first layer in the mold, taking care not to lose any material (pceold
in the soil pan).

18. Apply compactive effort; agp the 2% blow inthecente and check for the
print.o

19. Place the second layer in the mold, including any rocks that were removed from the
hole (break up rocks ¥z inch or larger; do not pulze)i Apply compactive effort.

20. After compacting the sead layer, place all the renmang soil in the mold and apply
compactive effort. On the £®low, scrape any soil sticking to the rammer and from
the inside wall of the mold above the soil layer.

21.Take a second reading on the mold using the volumeter.

22. Thedifference between the readitaken in step 5 and step 21 is the volume
occupied by the soil in the mold.

23.Percent compaction = (volume obtained in step 22) / (volume obtained in step 9)

Sources of For for Test 1A

Density hole too small or too big faccurate results.
Failure tokeep volumeter in good working condition.
Operator not understanding the significanc®pfimum MoistureandMaximum
Density
Failure to remove all loose material in hole
Dropping rammer more than 12 inches.
Applying more oress than 25 blows to layef soil.
Test performed on Acrusto of | ayer.
Spilling soil removed from hole. All soMUST be compacted in mold.
Do Notdivide in-place volume by compacted volume.
NOTE: Correct method is as follows:

W

©oNOOA

Percent Compaiion = Compacted Volume x 100
In-Place Volume
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Example -
Test 1a “short test”

North Carolina Department of Transportation

Division of Highways

M&T Form 504 E
Rev. 10/2014

Field and A.A.S.H.T.O. Density Determinations

Confract: _©200000 County: Wake Date: 1014/14  TestNo: 1
Test 9+20 NBL Rdwy Subg
Location (Sta; Lane) (Rdwy. or Shldr.) (Embank.. Subg.. or Base)
& Type
3RtC/IL 0
Dist. from C/L; Rt or Lt (Dist. below Subg. Elev.)
Random Test Site Location Calculations
Begin Sta.: 1+00 Endmng Sta: 11+00 | Length: 1000’ Width: 28’
Random No. Random (Calculations) Test Site Location
Length Width Random No. x Length Random no. x Width Station Offset
82 62 0.82 x 1000 0.62 x 28 9+20 17
Road Density Determination Volumetric Test (short test only)
Volume of Hole: 2™ Reading: 0.04463 Empty Mold & Collar: 0.05838
1" Reading: __ 0.01263 Mold w/Soil: _ 0.02663
(In-Place Vol.) Difference: 0.03200 ft Compacted Vol. of Soil: 0.03175 £
Wet Density:  Wet Wt Soil (g) = b /&
Volume x 453.6
% Moisture: Wt Wet Soil (g)
Wt. Dry Soil (g) _Wt Water (2] | x100= = % (moisture)
Wt. of Dry Seil (g)
Wt. Water (g)
Dry Density: Wet Density x 100 = Ib. /ft* (Dry Road Density)

100 + % mosture

|

Wet Density:  Wet Wi Soil (g) x 30

A.ASH.T.O. Density Determination

b, /fF

453.6

% Moisture: Wt Wet Soil (g)
Wt. Dry Soil (g) |
Wt. Water (g)

Dry Density: Wet Density x 100

100 + % mosture

|

Wt. Water (g x100=

% (meisture)

Wt. of Dry Sail (g)

Ib. /¥ (Dry AASHTO Density)

(Compacted Vol. of Soil)

Percent Compaction

Dry Road Density x100 _ 0.03175 = 99.2 o Fail
Dry A ASHT.O. Density 0.03200
(In-Place Vol.)

*Print Name Legibly w/HICAMS No.: |.B. Density 12343
Signatures|*Certified Technician: U'd o

Resident Engineer: Um Resident
*By providing this data under nuy signature and/or HICAMS certification number, I attest to the accuracy and
validity of the data contained on this form and certify that no deliberate misrepresentation of test results. in
any manner, has occurred,
Figure 3Example of Test 1A fi SholTrest 6 ( Engl i sh unit s)
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Example —
Test 1a “short test”

North Carolina Department of Transportation

Division of Highways

Mé&T Form 504 M
Rev. 10/2014

Field and A.A.S.H.T.O. Density Determinations

Contract: C€200000 County- Wake Date: 10/14/14 TestNo: 1
Test 9+20 NBL Rdwy Subg

Location (Sta; Lane) {Rdwy. or Shidr.) (Embank , Subg_, or Base)

& Type

1mRtC/L

Dist. from C/L; Rt or Lt

0
(Dist. below Subg. Elev.)

Random Test Site Location Calculations
Begin Sta:  (Q+40 Endmng Sta.:  3+4(0 | Length: 300 m Width: 8,5 m
Random No. Random (Calculations) Test Site Location
Length Width Random No. x Length Random no. x Width Station Offset
82 62 0.82 x 300 0.62x8.5 2+86 53m
Road Density Determination Volumetric Test (short test only)
Volume of Hole: 2% Reading; 1265 Empty Mold & Collar: 1655
1" Reading: 355 Mold w/Sol: 750
(In-Place Vol.) Difference: 910 em’ Compacted Vol. of Soil: 905 e’
Volume = {cm:'} = m
1,000,000 X
Wet Density:  Wet Wi. Soi} (ke) = kg /m’
Volume (m”)
% Moisture: Wt Wet Soil (g)
Wt. Dry Soil (g) Wt Water () | y 100= = % (moisture)
Wt. of Dry Soil (g)
Wt. Water (g)
Dry Density: Wet Density x 100 = ke /m’ (DryRoad Density)
100 + % moisture
A.A S HT.O. Density Determination
Wet Density:  Wet Wt. Soil (kg) = kg /m’
Mold Volume (m®)
% Moisture: Wt. Wet Soil (g)
Wt. Dry Soil (g) _Wt Water () | x100= = % (moisture)
Wt. of Dry Soil (g)
Wt Water (g)
Dry Density: Wet Density x 100 = kg /m’ (Dry AASHTO Density)
100 + % moisture

Volume Conversions: .
1/30 £ mold = 0.000944 m’

Percent Compaction

(Compacted Vol. of Soil)

3/40 £ mold = 0.002174 Dry Road Density x 100 905 = 99.5 %
18° Ring = 0.160474015 o’ /m Dry A A SHT.O. Density 910
e/ 1,000,000 = (In-Place Vol )
*Print Name Legibly w/HiCAMS No.: LB Dpnqify 12345
Signatures|*Certified Technician: Q. B. Density
Resident Engineer: Qmn (Resident
*By providing this data under my signature and/or HICAMS certification number, I attest to the accuracy and
validity of the data contained on this form and certify that no deliberate misrepresentation of test results, in
any manner. has occurred.
Figure 4Exampled Test A fiShort Test o (metric units)
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Section61 Densty Test 1

Alsoreferredtosa t he Al ong testo, Test 1 calcul ates

unit weightsand requires weighing and drying steps. The proper steps should be
followed to reducehe possibility of error.

Equipment Needed

The following equipment is necessany performing Density Test 1.

Volumeter

3-inch auger

Large Spoon

50-pound weight

50-pound saddle weight for volumeter

Soil Pan

Pie plate (90 x 1 1i0)
Scalegwith 2,000-gram weight)

Small Spatula

Frying pan

Steel staight edge

Compaction mold1/30 ft)

Sample extractor

Compaction rammer (5 %2 pounds;ih2h drop)
Water container (i.e. small squirt bottle or graduated cylinder)
Water

Gas burnefwith lighter)

Square tip shovel

Determining the Implace Dry Denigy

All loose soil is remogd from the surface of the layer and an area about 15 inches square
is brought to a smooth, flat and approximately level surface by scraping with a steel
straight edge ortber suitable instrument.

The volumeter is placed ongbmoothed surface of theis@nd a 56pound saddle

weight is placed on top of the volumeter. Air is applied to a pressurg.sfidand an
initial reading is taken. (This is the actual readimgthe volumeter scale before the soil is
removed). A rark is made on the soil sade tracing the outside of the volumeter base
so that it may be placed in the same place after removal of soil.

A hole is made in the center of the circle on the volunt&ise approximately four

inches in diameter and six irhdeep. The soil is remay@and placed in a container for
weighing and for determination of moisture content. It is, of course, important that all of
the soil that is removed from the hole be pthirethe container.
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The volumeter is placed over the &ol the same position as wh the initial reading was
taken and the volume of the hole measured. Th@&ind saddle weight and thep4.i.

air pressure shall be applied in the same manner asbaestor determining the initial
reading. The differare between the second readaryl the first reading is the volume of

the hole in cubic feet. In order to obtain the desired accuracy, the volume of the test hole
should not be less than 0.0/ &ubicfeet.

The soil that was removed from the hole is wegyand its moisture contenétérmined

by drying a sample weighing 3@ams. Care must be exercised in drying the sample to
avoid overheating. Overheating a soil sample may affect the moistussntomp

prevent overheating, the soil shall be driedravlow flame and shall begquently

stirred. The sample shall be removed from the flame immediately when it appears to be
dry. The dry weight of the soil removed from the hole can then be detsmAnd,

knowing the volume occupied by the soil, asasured with volumeter, the-place

density in pounds per cubic feet of the compacted soil can be calculated.

The inplace density of the soil is calculated by use of the following formula:

Wet Density (Ib./cu. ft.) 2Wet Wt. of Soil (grams)
453.6 x Vol. of Hole

Moisture Content = (Wet Wt.- Dry Wt.) x 100 = % Moisture

Dry Wt.
Dry Density (Ib./cu. ft.) =( Wet Density ¥ 100
(100 + Moisture Content )

Determiningthe Maximum Dry Density

The expression AARSHTEGfMetshad The descriptiol
adopted as a standard by the American Association of State Highway and Transportation

Officials, for compacting a sample of soil to determitsemnaximum dry density. The

moisture content at which this maximum dry density is obtained is referred to as the

Aopti mum moi sture contento of the sail. Thi
the AAASHTO Densityo. A9ihthesegpfomdurnaredsthet o AASF
test method adopted by AASHTI® 1993 (designated as AASHTO9B-93). The us of

a tapered mold is recommended

The test procedure outlined below is a modificatiothefAASHTO Test Method 99

for field use in that the slas compacted at a moistucentent estimated to be the
optimum for that soil.As previously mentioned, an experienced openasargthe

fisqueezed method,can determine the optimum moisture obd within +/- 2.0 %, which

is within the variation acggablein practice. In order to simplify the compaction test
procedure for field use, the standard procedure is revised to eliminate the necessity of
running the entire moistw@ensity curve.See 8 ¢ t i 0 nerminatiorfioD@ptimum

Moi stureo.
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Modified Moistue-Density Test

The soil used in determining theface density is also used in performing the
compaction test. The portion of soil used in determining the moisture content of the soil
is discarded and if more solil is needed it may be obtaimed tihesides of the hole

uniformly from top to bottom. Approximately four to five pounds of soil are sufficient

for completing the test.

The soil should be mixed and kneaded until the largest nlmdaggregadedoes not

exceed approximately#ach in sze asdetermined by visual inspection. Any aggregate
present in the soil should be mixed uniformly and used in both the moisture and
AASHTO Density Determinatiobreak up rock %z inch or larger; dot pulverize) The
mass of soil is now examined vislyalor the correct moisture content. If it appears too
wet, the soil is dried to approximately optimum as determined by visual inspection. If it
appears too dry, water is mixed with it uniformlyilestimated optimum moisture is
obtained.

The preparedoil is divided into three parts and compacted in the mold in three
approximately equal layers. The exact amount of soil in each part should be such that
when compacted, all three parts will fillttmold (excluding the collar) to a point not to
exceed ¥nches above the top, which is then struck off with the steel straight edge.

The compaction is performed with a compaction rammer weighirgpdunds with a
12-inch drop. Twentyfive blows of the ammer are applied to each of the three layers.
The moldshallbe placed on a 5pound weight, pavement or on a similar rigid base
while compacting. After the compacted solil is struck off with the steel straight edge, it
shall be extracted from the molaleighed and split to obtain 300 grams or more of soil in
orderto determine the moisture content. The same precautions should be observed in
drying the sample as pointed out previously in this procedline.constant 453.6 is a
conversion factor that cerrts grams to pounds. All weights recorded duringegke
procedure are in grams, but the final answer is recorded in pounds; therefore, the wet
weight of the soil is dividetly 453.6 to convert the units from grams to pounds (453.6
grams = 1 pound)The weight and moisture content are determined and yhdedisity

is calculated by use of the following formsia

Wet Density (Ib/ cu. ft.) = Wt. of Wet Soil in grams x 30
453.6
Moisture Content = Wet Weight- Dry Weight x 100
Dry Weight
Dry Density (Ib/cu.ft.) = ( Wet Density ) x 100

(100 + Moisture Content )

Compaction (%) = (Dry Density of Soil InPlace) x 100
(Dry Density of Soil Compacted in Mold)
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The constant 30 comes from the fact that, in computiegatet density we use a 1/30
cubic foot mold. The weght of material in the mold is multiplied by a factor of 30 which
is the reciprocal of 1/30.

Stepby-step Procedure for Performing Test 1

NOTE: All volumeter readings require-@si water pressure; ud4&T Form 504 to
record your results.

=

Level the eletronic scale.

2. Verify that the 2,00@ram weight reads as 2,000 grams on the scale, Wwith gram

tolerance.

Weigh the empty mold and record.

Prepare a test site by smoothing the surfaemove soito get below sheepsfoot

indentionsor crust ifsurface has dried out)

Level the plate on the test site.

Scribe around the edges of tHatp, marking the volumeter valve location.

Take thélftosreadiig.

Dig the test hole, starting off with acgm and continue with an auger. Soil should be

collected on the soil pan.

9. When hole is finished, remove loose soil particles from the d&ad the plate and
include them \th the soil collected in ep 8

10.Check for sharp edges in the hole. If there hagpsedges, move to another location
and repeatteps 19.

11.Take a second reading with the volumeter, positioning the valve at the marked
location. The difference is the volume of the hole occupietthdyemoved soil.

12.1f the difference between the secamd the first reading is such that the volume of
the hole is less than 0.02758) the hole is too small. Remove adiufital soil and
repeat steps 1011

13. Clean off excess soil from the auger and@spand include them with the soil in the
soil pan.

14.Place all soil in the pie plate. Record the weight of the soil.

15. Place the soil back in the soil pand mix the soil until it has uniformvater content.

16. Obtain 300 grams of soil. This is the sampledetermining the ixplace moisture
content.

17.Dry the soil. When using a burner, be sure not to overheat the soil.

18.Weigh the dry soil and record.

19. Remove additional soil from the hole and platéhe soil pan.

20.Break up and pulverize the soil.

21.Check foroptmmm moi sture using the Asqueezed met

22.Dry or add wateto the soil as necessaagmd mix for uniform water content. Repea
until optimum moistureontent is obtained.

23.Place a first layemi the mold.

24. Apply compactive effort; apply the ®®lowinthecat er and check for tt
print. o

25.Place a second layin the mold and apply compactive effort.

26.Place a third layer in the mold and apply compactive effort.

how

© N O
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27.Scribe around the taphird) layer and then remove the mold collar.

28.The top of the third layenust be ¥ to ¥z inches above the top of the mold.

29. Scrapeoff the excess soil with the straight edge until the surface is flush with the top
of the mold.

30. Weigh the mold wittsoil and recordrite weight.

31. Extractsoil pill with the sample extractor.

32.Using thestraight edge, split the soil pill down the middle ldngse.

33.0Obtain 300 grams of soil frothe center of pill by scraping from top to bottorfihis
isthe samplefod e t e r mi n isesjmateth aptimumaoistui@ contenfas
judged by density technan).

34.Dry the soil. When using a burner, be sure naverheat the soil.

35.Weigh the dry soil and record.

36.Using the data recorded, follow the steps on M&T Form 504 for obtaining percent
compaction.

37.Compae Optimun Moisture and Maximm Dry Dersity of Test1 to the Optmum
Moisture and Maximum Dry Densityetemined by the Mesture Densig Cuive
(Tolerancesshouldbe within: Optimum Masture+/- 2.0 % Maximum Dry Density
+/- 2.0 pounds per cubic foot)

Sources of Error for Test 1

Density hole too small foaccurate results.

Failure to thoroughly mix soil famoisture test.

Failure to keep volumeter in good working condition.

Cutting off more than %z inch of soil after AASHTO mold is made.
Opentor not understanding the significanceQgitimum MoistureandMaximum
Density.

Failure to remove all loose materialhinle

Dropping rammer more than 12 inches.

Scales not level.

Applying more or less than 25 blows to layer of soil.

10 Carelessness in rewiag soil from mold before weighing.
11.Test per f or mlayér. Acrusto of

abrwnE

© 00N
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Example -
Test 1 “long test”

North Carolina Department of Transportation

Division of Highways

M&T Form 504 E
Rev. 10/2014

Field and A.A.S.H.T.O. Density Determinations

Contract: _ ©200000 County: Wake Date: 1017114 TestNo: 2
Test 13+40 NBL Rdwy Subg
Location (Sta; Lane) {Rdwy. or Shldr.) {(Embank , Subg_, or Base)
& Type
6’ Rt C/L 0
Dist. from C/L: Rt or Lt (Dist. below Subg. Elev.)
Random Test Site Location Calculations
Begin Sta.. 11400 Ending Sta.:  21+00 | Length: 1000’ Width: 28*
Random No. Random (Calculations) Test Site Location
Length Width Random No. x Length Random no. x Width Station Offset
24 72 0.24 x 1000 0.72 x 28 13+40 20
Road Density Determination Volumetric Test (short test only)
Volume of Hole: 2* Reading: 0.03875 Empty Mold & Collar:
1" Reading: _ 0.00675 Mold w/Sol:
(In-Place Vol.} Difference: 0.03200 ft Compacted Vol. of Soul: i
Wet Density:  Wet Wt. Soil (g) 1589 = 109.5 b /&
Volume x 453.6 14.5152
] .03 ]
% Moisture: Wt Wet Soil (g) 300
Wt Dry Soil () 268 w&&l ] xloo=_ 32 = 1.9 % gnoisture)
Wt. of Dry Soul (g
Wt. Water (g) —32 Y © 268
Dry Density: Wet Density x 100 109.5 = 97.9 b /& (Dry Road Density)
100 + % moisture 111.9
1663 A ASHT.O. Density Determination
Wet Density:  Wet Wt. Soil (g) x 30 49,890 = 110.0 b, /1
453.6 453.6
% Moisture:  'Wt. Wet Soil (g) __300
Wt. Dry Soil (¢) 265 |Wﬂl : JJ x 100 = 35 = 132 % (moistre)
/t. o rSoul (g
Wt. Water (g) 35 Y - 265
Dry Density: Wet Density x 100 110.0 = 97.2 b /& (Dry AASHTO Density)
100 + % moisture 113.2
Percent Compaction
(Compacted Vol. of Soil)
Dry Road Density x 100 97.9 = 100.7 % Pass
Dry A ASHT.O. Density 97.2
(In-Place Vol.)
3504 mold w/ soil
-1841 mold )
1663 soil *Print Name Legibly w/HiCAMS No.: .B. Density 12345
Signatures|*Certified Technician: U'd h
Resident Engineer: Un Resident
*By providing this data under my signature and/or HICAMS certification mimber, I attest to the accuracy and
validity of the data contained on this form and certify that no deliberate misrepresentation of test results, in
any manner, has occurred.
Figure 5ExampleofTest 1 fALong Testod (English units)
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Example —
Test 1 “long test”

M&T Form 504 M
Rev. 10/2014

North Carolina Department of Transportation
Division of Highways

Field and A.A.S.H.T.O. Density Determinations

Contract: €200000 County: Wake Date: 10/17/14 TestNo: 2
Test 4+12 NBL Rdwy Subg
Location (Sta: Lane) (Rdwy. or Shidr.) (Embank.. Subg.. or Base)
& Type
2mRtCJ/L 0
Dist. from C/L; Rt or Lt (Dist. below Subg. Elev.)
Random Test Site Location Calculations
Begin Sta..  3+40 Ending Sta.:  §+40 Length: 300 m Width: 8.5 m
Random No. Random (Caleulations) Test Site Location
Length Width Random No. x Length Random no. x Width Station Offset
24 72 0.24 x 300 0.72x8.5 4+12 6.1m
Road Density Determination Volumetric Test (short test only)
Volume of Hole: 2% Reading: 1095 Empty Mold & Collar:
1¥ Reading: 190 Mold w/Soil:
(In-Place Vo) Difference: 905 em’ Compacted Vol. of Soil: e’
Volume = 905 (cmj) = 0.000905 o’
1.000.000
Wet Density:  Wet Wt. Soil (kg) 1.589 = 1755.8 kg. o
Volume (m”) 0.000905
9% Moisture: ' Wt. Wet Soil (z) 300
Wt. Dry Soil (z) 268 _Wt. Water (g) L x100=__ 32 = 119 % (wmoisture)
Wt. of Dry Soil (g)
Wt. Water (g) 32 268
Dry Density: Wet Density x 100 1755.8 = 15691 ke o (Dry Road Density)
100 + % moisture 111.9
A.AS.H.T.O. Density Determination
Wet Density:  Wet Wt. Sail (kg) ) 1.663 = 1761.7 kg m
Mold Volume (m”) 0.000944
% Moisture:  Wt. Wet Soil (g) _ 300
Wt. Dry Soil (g) _ 265 _Wt. Water (g) x100=__ 35 = 13.2 % (moisture)
Wt. of Dry Sail (g) 265
Wt. Water (g) 35
Dry Density: Wet Density x 100 1761.7 = 1556.3 ke. /nr’ (Dry AASHTO Density)
100 + % moisture 113.2
Percent Compaction
Volume Conversions: .
I 3 — 3 (Compacted Vol of Soil)
N D mold = o Dry Road Density x100___ 1569.1 - 1008 %
18" Ring = 0.169474015 m* / m Dry A A S HT.O. Density 1556.3
em’ /1,000,000 = m’ (ln-Place Vol )

*Print Name Legibly w/HiCAMS No.:

Signatures|*Certitied Technician: 9. B. Density
Resident Engineer: Un Resident

*By providing this data under my signature and/or HICAMS certification number, I attest to the accuracy and

3504 mold w/ soil
-1841 mold

1663 soil

LB. Density 12345

validity of the data contained on this form and certify that no deliberate misrepresentation of test results,

any manner. has occurred.

Figure6Ex ampl e of

Test 1 ALong Testodo (metric units)
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Section7 7 Density Test 2

Test 2 is used to calculate the degree of compactiembinkments, subgrades or soll
bases that contain orvebeen stabilized by an admixture of aggregate material (density
Tests 1 and-A should not be used for this type of material). Thecpdure for Test 2 is
outlined below.

Equipment Needed

The following equipment is necessary for the performance osiehest 2.

Cali brated steel ring (180 outside di amet
Small pick
Scoop

Scaleqwith 2,006gramweight)

Gas burnefwith lighter)

Frying pan

Ruler

Straight €lge (36 inches long)

Large Spoon

Bucket (10quart capcity)

Compaction mold (3/40 cubic foot = 0.075 cubic foot volume)
Compaction rammer (54gounds, 12nch drop)
Steel straight edge

Hammer

Wood block (4x4 hard wood recommended)

Determining then-place Dry Density

The calibrated steel ring is platever the area to be tested and the material within the
ring is carefully loosened with the pick and removed with the scoop. Theahater
removed is placed in the bucket for weighing. As the maisriamoved, the ring is
lowered to the fuldepth ofthe layer byplacing a wooden block on top of the ring and
striking it with a hammer.

After all material has been removed, the rimgemovedand the thickness of the layer is
carefully measuretb the nearest orgixteenth by placing a straight edgeross the top

of the hole and taking five or more measurements along opposing diameters (Refer to
Diagram 2). 1

) 4)

-
NI

Diagram 2 3)
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From these meagements, the average depth of the hole is determined. Althloeigh

steel ring has an outside diameter of 18 inchés;iwtheoretically would occupy a

volume of 0.147 cubic feet per inch of depth, it has been found that its effective diameter
is 18.3 intes, and it actually occupies a volume of 0.152 cubic feehpleraf depth.

The volume in cubic feet occupied by thaterial is calculated by multiplying the

average depth of the layer in meter by 0.152. Average depth of layer x 0.152 = cubic feet
of material. The wet density of the layer is calculated by digitle weight of the

material removed by its volume.

Wet Density (Ib./cu. ft.) 3Vet Wt. of Material (pounds)
Volume of Material (cu. ft.)

The moisture content of the matdnis determined by weighing out a minimum of 1,000
grams of thanaterial and drying it out over the gas burner. Tevgmt overheating, the

soil shall be dried over a low flame and shall be frequently stirred. The sample shall be
removed from the flamenmediately when it appears to be dry. The moisture content in
percentage of the dry material is calculated by tHeviehg formula:

Moisture Content = (Wet Wt.- Dry Wt.) x 100
Dry Wh.

The dry density of the layer is calculated udimg following formula:

Dry Density (Ib./cu. ft.) =( Wet Density ) x 100
( 100 + Moisture Content)

Determining the Maximum Dry Density

The expression MDAASHTED eMet Haod tTh erocddare,cr i pt i o
adopted as a standard by the American Associati®adé Highway and Transportation

Officials for compactig a sample of soil to determine its dry density. The method, as

described, has four alternate procedures that provide for soils wlithithout coarse

aggregate, compacted in sich and fowinch diameter molds. The test not only

determines the gresstt density of which the soil may be compacted by the prescribed

compaction efforbut determines the proper moisture content requaoreibtain this

maxi mum density, call e dnttThisrequiepthat ancompletdoi st ur
moisture density awe be run on the material. The field compaction test described below

is a modification of the standard test in that the soil is cotegan the mold only once at

a moisture content estimated to imum. It has been found that an experienced

operatorusing visual inspection can estimate the optimum moisture content. The

optimum moisture can be estimated within a narrow range, whiefthin the variation

acceptable in practice. In order to siifypthe compaction test procedure for field use,

the sandard procedure is revised to eliminate the need of running the entire moisture

density curve (See Section 4, Determination of OptinMorsture).
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A representative portion of the material obtained ftheninplace density test is used in

the field compacbn test. Since the volume of the material obtained from tpéace

density test is more than is needed for the field compactignttesist be thoroughly

mixed and reduced in quantity by quameyi It is very important that the portion

selected fothe field compaction test contain a representative amount of coarse
aggregate, as the quantity of this fraction influences the unghivédensity) appreciably.
About 12 pounds of sedggregate wilbe required for the test. If the material appears
wetter than optimum, it should be dried to estimated optimum; if too dry, water should be
uniformly mixed with the material until the estated optimum moisture is obtained.

The prepared seaggregatés divided in three parts of about four pounds each and
compacted in the 3/40 cubic foot mold in three approximate equal layers. The amount of
soil-aggregate in each part should be suchaharee parts will fill the mold, after
compaction, to a point: to %2 inch above the top of the mold, whislsiruckoff with a

steel straight edge.

The compadbn is done with aammer that weighs-% pounds and drops 12 inches.
Each of the three l&ys is compacted by 56 blows of the rammer with the mold plated o
a 50pound weightpavementor similar rigidflat base while compacting.

After the compacted soil aggregate is struck off with the steel straight edge, it shall be
extracted from the moJdveighed and splto obtain 1,000 gramsf soil in order to

determine the moisture content. The same precautionsgdshewbserved in drying the
sample as pointed out previously in this procedure. The weight and moisture content are
determined and thary unit weght (dry density) and percecbmpaction are calculed

by the following formulas:

Wet Density (Ib/ cu.ft.) = Wit. of Wet SoitAggregate (grams) x 13.33
453.6
Moisture Content = (WetWt.-Dry Wt.) x 100
(Dry Wt.)
Dry Density (Ib./ cu. ft.) = (_ WetDensity ) x 100

(100 + Moisture Content)

Compaction % (Dry Density of SoHAggregate IAPlace) x 100
(Dry Density of Compacted Sellggregate)

The consaint 13.33 comes from the fact that, in computing thiedeesity we use a 3/40
cubic foot mold. The weight of material in the mold is multiplied by a factor of 13.33
which is the reciprocaidf 3/40 or 40 3 = 13.3333.

The constant 453.6 is a conversiantbr that converts grams to pounds. All weights
recoded during the test procedure are in grams, but the final answer is recorded in
pounds; therefore, the wet weight of the soil is dividgd53.6 to convert the units from
grams to pounds (453.6 gramd4 pound).
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Stepby-step Procedure for Performing Tést

A

o0 ®w

© o N

10.
11.

12.
13.

14.

15.
16.
17.

18.
19.

20.
21.

22.
23.
24,
25.
26.

27.
28.
29.
30.

Level the scale.
Verify that the 2,00@ram weight reads as 2,000 grams on the scale, with-a
gram tolerance.
Tare the bucket.
Place the sampling ring on the surface of the layer to be tested.

Using the pick loosen the material on the surfaceiwithe ring.
Remove the material and place in the bucket. Regpeps5 - 6 until bucket i2/39%

full.

Weigh the material and recbr

Dump the material on the groungu¢ do not discard!)
Lower thering through the layer bstriking the top of the wooblock with a
hammer
Repeat steps 59 until the ring rests on the top of the next layer.
Take five measurements of the depth oftibke: one at the center of the hole and at
four points equally sgeed along the edge of the hole (that is, a measuriirg {3090

degrees from an adjacent measuring point). All measurements will be to the nearest
16" of an inch. Calculate the averadelwe 5 readingst h i s

the hole used foraiculations.
Using a shovel, thoroughly mix the matédamped on the ground
Quarter down the material andméx. Do this twice (the purpose of quartering is to

obtain a representativammple).

W i

[ be

Obtain a 1,00@ram moisture sample. This is the saniptedetermining the in
place moisture content of the teaal.
Dry the soil. When using a burnensure soil is not overheated

Weigh the dry soil and record.

the #fd

Obtain material from the quareddown portion, and place in the soil pan until it is
about 23 full.

Che

Repeauntil optimum moisturés achieved
Place a first layer in the mold (NOTE: a 3/4®rftold should be user this test).

Apply compactive effort (NOTE: For thtest, apply66 blowsper layer); apply the
check

56" b |

Place a third layer in the mold anplpdy compactive effort.

c k

ow

f

or opti mum mo methodi r e
Dry or add water to the soil as nesaryand mix for uniform moistureontent.

n the

center and
Place a second layer in the maldd apply compactive effort.

usi

Scribe around the top (thirdgyler and then remove the mold collar.
The top of the third layer must be % to %2 inches above the top of the mold.
Scrape off the excessoil with the straight edge until the surface is flush withdpe t

of the mold. Fill in voids with fine material ang-smooth the surface.

Weigh the mold with the soil and record the weight.
Extract the soil pill.
Using the straight edge, split thalgoll down the middle lengthwise.

Obtain 1,000 grasof materiaby scraping from top to bottom of half the pillhis

i s

t he

sampl e

for
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31. Dry the soil. When using a burner, ensure not to overheat soll

32. Weigh thedry soil and record.

33. Using the data recorded, follow the stepsvaT Form 504 for obtaining percent
compaction.

Sourcesf Error for Test 2

Failure to take representative sample for making AASHTO mold.
Carelessness in measuring depth of density hole.

Scales not level.

Carelessness in drying soil.

Carelessness in remag soil from mold before weighing.

Applying more or les than 56 blows to layer of material.

Operator not understanding the significanc®pfimum MoistureandMaximum

Density

NoakwnNE
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Example -

Test 2 North Carolina Department of Transportation M&T Form 504 E
Division of Highways Rev. 10/2014
Field and A.A.S.H.T.O. Density Determinations
Contract: __©200101 County: Wake Date: 711114 TetNo: 1
Test 56+45 WBL Rdwy Agg. Stab. Subg
Location (Sta: Lane) (Rdwy. or Shidr.) (Embank.. Subg., or Base)
& Type
4Lt C/L 0
Dist. from C/L; Rt or Lt (Dist. below Subg. Elev.)
Random Test Site Location Calculations
Begin Sta.: §55+25 Ending Sta.: §5+25 | Length: 1000’ Width: 28’
Random No. Random (Calculations) Test Site Location
Length Width Random No. x Length Random no. x Width Station Offset
12 34 0.12 x 1000 0.34 x 28 56+45 10°
Road Density Determination Volumetric Test (short test only)
Volume of Hole: 2™ Reading: Empty Mold & Collar:
1" Reading: Mold w/Sail:
(In-Place Vol.) Difference: i Compacted Vol. of Soul: £
Wet Density:  Wet Wt. Soil (g) 115.1 = 141.2 b /f
5.3626 x 0.152"°lume x 433.6 0.8151
% Motsture: Wt Wet Soil (g) 1000
Wt. Dry Soil () 911 Iwﬂl ( J x100=__ 89 = 98 % s
Wt. of Dry Soil (g
Wt. Water (g) 739 N B 911
Dry Density: Wet Density x 100 141.2 = 128.6 b /& (Dry Road Density)
100 + % moisture 109.8
2853 x 13.33 A.ASH.T.0. Density Determination
X i .
Wet Density:  Wet Wt. Soil (g) x 30 64690.5 = 142.6 Ib. /it
4536 453.6
% Moisture:  'Wt. Wet Soil (g) __ 1000
Wt. Dry Sail () 907 ‘W( )} x 100 = 93 = 10.3 % (moisture)
t. of Dry Soil (g
Wt. Water (g) 93 " - 907
Dry Density: Wet Density x 100 142.6 = 129.3 Ib. /f® (Dry AASHTO Density)
100 + % moisture 110.3
Percent Compaction
(Compacted Vol. of Seil) .
Dry Road Density x 100 128.6 = 99.5 « Fail Doth
Dry A A SHT.O. Density 129.3 =P
Wat (n-Place Vo) ' 54/16
25.2 57/16
19.9 59/16
211 ; 5 3/16
23.0 *Print Name Legibly w/HiCAMS No.: I.B. Density 12343 5 6/16
25.9 Q. B. Density 252916

115.1 |bs  Sienatures*Certified Technician:

26.8125 = 5.3625”
Resident Engineer: Un cResident 5

*By providing this data under my signature and/or HICAMS certification mumber, I attest to the accuracy and
validity of the data contained on this form and certify that no deliberate misrepresentation of test results, in
any manner. has occurred.

Figure 7 Example of Test 2 (English units)
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Figure 8 Example of Test 2 (metricunits)
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